Abstract -Colony losses of managed honeybees have raised a major concern, and surveys of colony losses were conducted around the globe to understand the apicultural situation. Up to now, most studies have focused on the mortality of the Western honeybee (Apis mellifera ); however, little is known about the mortality of its eastern counterpart-the Eastern honeybee (Apis cerana ). Here, we report the survey results of A. cerana colony losses in three consecutive years (2011-2012, 2012-2013, and 2013-2014) in China. Colony losses were low overall (12.8%, 95% CI 11.9-13.7%) but varied among years, provinces, and types of apiaries. We used generalized linear mixed effects models to estimate the effects of possible risk factors and found that queen problems (queenless or dronelaying queens) were associated with colony losses. Further analyses showed that differences in mortality among different types of apiaries may be contributable to the differences in queen problems. This is the first survey of colony losses of A. cerana .
INTRODUCTION
Honeybees are important agricultural species as they provide not only pollination service which is valued more than $212 billion (Gallai et al. 2009 ) but also ingredients for healthy human foods, such as honey, royal jelly, pollen, and propolis (Viuda-Martos et al. 2008) . As a result, the decline in honeybees has raised tremendous concern (Moritz et al. 2010; vanEngelsdorp and Meixner 2010) . As the result of an international effort called BPrevention of honey bee COlony LOSSes (COLOSS), a series of surveys have been conducted from around the globe toward understanding the situation of colony losses and elucidating possible causes, including Europe (Aston 2010; Charrière and Neumann 2010; Clermont et al. 2014; Gajger et al. 2010; Gray et al. 2010; Hatjina et al. 2010; Ivanova and Petrov 2010; Mutinelli et al. 2010; Topolska et al. 2010; Vejsnaes et al. 2010; van der Zee 2010; van der Zee et al. 2014) , the USA Seitz et al. 2015; Spleen et al. 2013; Steinhauer et al. 2014; vanEngelsdorp et al. 2010) , South Africa (Pirk et al. 2014) , China (Liu et al. 2016; van der Zee et al. 2012) , and other areas (Brodschneider et al. 2010; Currie et al. 2010; van der Zee et al. 2012) . The mortalities reported were high in general, with 7-30% for Europe, 22.5-35.8% for the USA, 29.6% for Africa, and 3.3-12.6% for China.
The surveys conducted so far have focused on the Western honeybee (Apis mellifera ); however, colony losses of the other important honeybee species, the Eastern honeybee (Apis cerana ), have not been reported. Apis cerana is native to Asia with a long history of managed beekeeping (Hepburn and Radloff 2011) . In China, A. cerana beekeeping has begun since at least 1700 years ago. Nowadays, A. cerana is still kept in large quantity, estimated to be ∼2 million in China alone. The lack of survey data on A. cerana colony losses is unsettling given the wide distribution of this species (Radloff et al. 2010) and the severe population decline in recent decades (Abrol 2013) .
In general, A. cerana and A. mellifera has similar characteristics but with some noticeable distinctions (summarized in Park et al. (2015) ). For example, A. cerana colonies are better in collecting scattered floral resources (Miyamoto 1958) , have a lower minimum foraging temperature (Tan et al. 2012) , and exhibit a stronger defense against hornets (Abrol 2006; Ono et al. 1995) . Notably, as the natural host of Varroa destructor , A. cerana is resistant to the parasite after long term of host-parasite coevolution (Rath 1999) . Therefore, it is possible that the rate and pattern of colony losses of A. cerana are different from those of A. mellifera .
To gain a better understanding of colony losses of A. cerana in China, we conducted a 3-year survey from 2011 to 2014 in six provinces of China. The goal of this study is to quantify and compare the rates of loss for different years, provinces, and different sizes of operations. In addition, we aim to explore the relationship between different management practices and mortality to identify management measures associated with high survival of colonies. This is the first survey of the colony losses of A. cerana .
MATERIALS AND METHODS

Survey
The questionnaire for the survey was designed based on the standard survey method for colony losses (van der Zee et al. 2013) . The questions consisted of two sections: the survey for colony losses and the survey for management practices. The following questions were asked in the questionnaires: The purpose of the survey for management practices was to find whether certain practice can improve colony survival. Therefore, we did not include questions related to sacbrood virus because there are no prevalent management measures in preventing or treating for the pathogen. Furthermore, sacbrood disease was not prevalent in the six provinces during the surveyed periods. Instead, we included the question concerning the treatment of varroa mites as practiced by some beekeepers of A. cerana .
Questionnaires were sent to local beekeeping organizations at the end of each of the three surveyed periods (1 Oct 2011 to 1 Apr 2012, 1 Oct 2012 to 1 Apr 2013, and 1 Oct 2013 to 1 Apr 2014) and were distributed to beekeepers. Completed questionnaires were then collected by local beekeeping organizations, and answers were uploaded into our online databases (http://www.brpdb.com/).
Statistics
Data were retrieved from the online database. Data were first filtered for duplicates and invalid Colony losses of the Eastern honeybee answers (number of colonies lost > number of colonies in October 1st). Remaining data were used for calculation of overall loss rates, following the standard procedure outlined by van der Zee et al. (2013) . Overall loss rates were calculated as the proportion of total number of colonies lost divided by total number of colonies, and percentage of colonies with queen problems were calculated as the proportion of colonies with queen problems divided by total number of colonies. Confidence interval (CI) was calculated using an intercept-only generalized linear model (GLM) with a quasi-binomial distribution and a logit link function. Beekeepers were categorized into parttime beekeepers (1-50 colonies), sideline beekeepers (50-200 colonies), and commercial beekeepers (200 or more colonies). Unlike other honeybee surveys (van der Zee et al. 2012 (van der Zee et al. , 2014 Lee et al. 2015; Seitz et al. 2015; Spleen et al. 2013; Steinhauer et al. 2014; vanEngelsdorp et al. 2010) , we used 200 instead of 500 colonies as a threshold for commercial beekeepers, because, in general, only commercial beekeepers keep more than 200 colonies in their apiaries in China. Even by our standard, only 78 out of 937 (8.3%) respondents can be categorized as commercial beekeepers in this survey (see Sect. 3).
Because of the hierarchical structure of the data, we used generalized linear mixed models (GLMMs) with binomial distribution to test the effects of potential risk factors on colony losses (van der Zee et al. 2014) . GLMMs allow the incorporation of both fixed effects and random effects (Zurr et al. 2009 ). We included percentage of colonies with queen problems, honey production, frequency of requeening, varroa mite treatment, comb renewal, and apiary size as fixed effects, and year, province, and beekeepers as random effects in the model.
All calculations and analyses were done using R statistical software (R Core Team 2015), GLMMs analysis was performed using the Blme4^package (Bates et al. 2012 ).
RESULTS
Overall national losses
We received 937 valid responses from beekeepers in six provinces. In total, our 3-year survey included 93,220 colonies. The number of responses was 373 for 2011-2012, 332 for 2012-2013, and 232 for 2013-2014 . Total number of colonies included in the survey was 35,608 for 2011-2012, 30,111 for 2012-2013, and 27,501 for 2013-2014 . Of all the responses, 274 (29.2%) reported no loss. Overall colony losses were low but varied among years (Table I) . The 3-year overall colony loss rate was 12.8% (95% CI 11.9-13.7%), with the highest annual losses in 2012-2013 (16.8%; 95% CI 15.1-18.6%), significantly higher than that of the other years. The annual loss rate was lowest in 2011-2012 (9.2%; 95% CI 7.9-10.7%) and intermediate in 2013-2014 (13.0%; 95% CI 11.6-14.5%), significantly higher than that of 2011-2012.
Colony losses by apiary size
The numbers of part-time, sideline, and commercial beekeepers were 255 (27.2%), 604 (64.5%), and 78 (8.3%), respectively (Table II) . Total number of managed colonies was 9018 (9.7%) for part-time beekeepers, 60,973 (65.4%) for sideline beekeepers, and 23,229 (24.9%) for commercial beekeepers. Part-time beekeepers reported a loss of 18.9% (95% CI 16.8-21.2%), with 26.7% (n = 68) reported no loss. Sideline beekeepers reported a loss of 13.6% (95% CI 12.4-14.8%), with 29.8% (n = 180) reported no loss. Commercial beekeepers reported a loss of 8.3% (95% CI 6.5-10.5%), with 33.3% (n = 26) reported no loss. Based on the 95% CI, differences in 3-year mortalities among part-time (95% CI 16.8-21.2%), sideline (95% CI 12.4-14.8%), and commercial beekeepers (95% CI 6.5-10.5%) were significant, with larger apiaries having lower mortality. For individual years, part-time beekeepers (95% CI 15.8-22.4%) have significantly higher mortality than sideline (95% CI 7.4-11.1%) and commercial beekeepers (95% CI 2.3-9.2%) in 2011-2012. Sideline beekeepers (95% CI 10.6-22.5%) experienced significantly higher mortality than commercial beekeepers (95% CI 7.0-12.6%) in 2013-2014. Differences among different sizes of apiaries were not significant in 2012-2013; however, a general trend of lower colony losses in larger apiaries can be observed in all years.
Patterns of among year variation of mortality were also different in different sizes of apiaries (Table II) . For part-time beekeepers, annual colony losses were relatively stable, with losses of 18.8% (95% CI 15.8-22.4%), 20.0% (95% CI 16.6-23.8%), and 15.6% (95% CI 10.6-22.5%) in 2011-2012, 2012-2013, and 2013-2014 , respectively. Annual colony losses varied more for sideline and commercial beekeepers, with losses of 9.1% (95% CI 7.4-11.1%), 17.4% (95% CI 15.2-19.9%), and 14.9% (95% CI 13.2-16.8%) for sideline beekeepers in 2011-2012, 2012-2013, and 2013-2014, respectively , and losses of 4.6% (95% CI 2.3-9.2%), 11.7% (95% CI 7.8-17.4%), and 9.4% (95% CI 7.0-12.6%) for commercial beekeepers in 2011-2012, 2012-2013, and 2013-2014, respectively . Among year mortality difference was significant for sideline beekeepers (Table II) .
Provincial losses
Among the six provinces in our survey, Chongqing showed the lowest level of colony loss of 9.3% (95% CI 7.5-11.3%), significantly lower than that of Guangxi and Sichuan. Sichuan had the highest colony loss of 17.2% (95% CI 12.9-22.7%), but not significantly higher than other provinces except for Chongqing. The other four provinces, Guangdong (12.4%; 95 CI 10.9-13.9%), Guangxi (15.1%; 95% CI 12.7-17.8%), Hainan (13.6%; 95% CI 11.2-16.5%), and Yunnan (13.6%; 95% CI 11.2-16.4%), showed intermediate level of colony losses (Table III, Fig. 1 ).
Further examination of losses of the provinces for each year showed variation in annual losses for the provinces (Fig. 2a) . Based on the 95% CI, we observed significant among year (Fig. 2b) .
Management practices associated with colony losses
To explore potential risk factors underlying colony losses, we used GLMMs to access effects of potential risk factors, including percentage of colonies with queen problems (as a covariate; hereafter referred to as queen problems), honey production (as a covariate), frequency of requeening (as a covariate), varroa mite treatment (yes, no), comb renewal (yes, no), and apiary size (part-time, sideline, commercial). Using year, province, and beekeeper as random effects, we first screened the effect of these factors individually and found significant effect of queen problems and apiary size on colony losses, while varroa mite treatment, comb renewal, honey production, or frequency of requeening did not have a significant effect. Next, we constructed a full model which included the two significant factors and the three random factors, in which apiary size was not significant, while queen problems remained significant. Likelihood ratio test to compare the models with and without apiary size confirmed that apiary size is not significant (p value = 0.9003). The final model included only queen problems as fixed effect, and year, province, and beekeeper as random effects. Odds ratio for the risk of colony loss for queen problem is 1.37, with 95% CI of (1.28, 1.48). In addition, Fig. 3 shows that colony loss of an apiary was seldom lower than the percentage of colonies with queen problems, and the overall condition of queens in an apiary may set a lower limit of the colony loss.
Queen problems, apiary sizes, and colony losses
As shown above, differences in mortality among different sizes of apiaries were significant when tested singly, but not significant when queen problems were included, suggesting a possible relationship between them. We calculated the percentage of colonies with queen problems for part-time, sideline, and commercial beekeepers in different years (Fig. 4) . Similar to colony losses, smaller apiaries tend to experience higher percentage of queen problems. Judging from the 95% CI, queen problems were significantly higher for part-time beekeepers than for sideline and commercial beekeepers, and significantly lower for commercial beekeepers than for part-time and sideline beekeepers. In years where differences of colony losses among different sizes of apiaries were significant, differences in queen Colony losses of the Eastern honeybee problems were also significant. This observation suggests an association among queen problems, apiary size, and colony losses.
DISCUSSION
The first survey of mortality for A. cerana reveals a low colony loss of 12.8%, considerably lower than that of other countries. A loss of 12.8% in current study can be considered as acceptable by the beekeepers (Steinhauer et al. 2014 ).
The differences in mortality among provinces may be attributable to the differences in the environment, genetic composition, and/or genotype by environment interaction (Costa et al. 2012; Meixner et al. 2014; Büchler et al. 2014; Hatjina et al. 2014) . Information on phenotypes and genetics of various geographic populations of A. cerana and possibly reciprocal translocation experiments are needed for further investigation.
Apiaries with higher percentage of queen problems also experienced higher losses. This result is consistent with findings by van der Zee et al. (2014). Queen problems may lead to weak colonies and thus high losses. In addition, queen problems can be an indication of colony problems (Collins and Pettis 2013; Pettis et al. 2004; Tarpy et al. 2012) . Note that even though our survey shows an association between queen problems and colony losses, it does not imply a causal relationship. Carefully designed experiments are needed to confirm a causative explanation. Differences in colony losses among different sizes of apiaries can be partially explained by the differences in the extent of queen problems. In general, larger apiaries tend to experience lower percentage of queen problems and lower losses. It is not clear what is causing the differences among different sizes of apiaries, and it will be interesting to explore this by adding more questions in the future regarding the differences among different types of apiaries, such as management and expertise.
It is not surprising that treatment of varroa mite did not make significant differences in colony losses. A. cerana is the natural host of varroa mite and is known to be resistant to the parasite. Our result further confirms that even though some beekeepers (261 out of 937 in our survey, 28%) take measures to treat for varroa mite in A. cerana colonies, it may not be necessary. In addition, treatment of varroa mite increases the cost of management and can lead to side effect on the bees (Higes et al. 1999; Mattila et al. 2000; Melathopoulos et al. 2000; Rinderer et al. 1999 ) and chemical residuals in honeybee products (Wallner 1999) . Therefore, beekeepers should be cautious when deciding whether to treat for varroa mite.
Several improvements can be made to our current survey. Firstly, the respondents in this survey may not represent all beekeepers as they were not chosen in a random way. Rather, surveys were distributed to attendees of local conferences and other events, and therefore biased toward the more active beekeepers who tend to involve more in activities hosted by local beekeeping organizations. Emphasis should be made on adopting additional ways of surveys in the future. Secondly, even though it is clear in our data that queen problems is associated with colony losses, it is unclear what exact factor may be contributing to the queen problems. Detailed questions of queen problems, such as age of queens (Genersch et al. 2010; van der Zee et al. 2014 ) and source of queens, can be included in future surveys. Thirdly, several biotic and abiotic factors related to colony losses were identified in recent years (reviewed in Vanbergen and the Insect Pollinators Initiative (2013)); questions concerning these factors may also yield valuable information and can be added to the survey. Lastly, as mentioned -2012, 2012-2013, and 2013-2014. Colony losses of the Eastern honeybee above, differences in adaptation of modern beekeeping methods may play an important role in colony losses; related questions may provide additional information for the understanding of honeybee colony losses.
